1 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) BP 0698521 A1 

EUROPEAN PATENT APPLICATION 



(43) Date ot publication: 


(51) Intel.®: B60L 11/12, B60K 6/04, 


28.02.1996 Bulietin 1996/09 


H02J 7/14 


(21) Application number: 95305867.4 




(22) Date of filing: 22.08.1995 




(84) Designated Contracting States: 


(72) Inventors: 


DE FR GB 


• Kiuchi, Takeo, 




c/o K.K. Honda Gijutsu Kenkyuslio 


(30) Priority: 22.08.1994 JP 197070/94 


Wako-shi, Saitama-ken (JP) 


• Okada, Ken, c/o K.K. Honda Gijutsu Kenkyusho 


(71) Applicant: 


Wako-shi, Saitama-ken (JP) 


HONDA GIKEN KOGYO KABUSHIKI KAISHA 




Minato-ku, Tokyo (JP) 


(74) Representative: Price, Antliony Stuart et at 




London WC2B 6UZ (GB) 



(54) Electric generation control system for hybrid vehicle 



(57) When a target generated output established for 
a generator (1 7) by a target generated output setting unit 
(21 ) depending on an operating condition of a hybrid ve- 
hicle varies, an intake air control valve control unit 
(21.18) starts varying the opening of an intake air control 
(28) of an engine ( 1 6) in order to equalize the power out- 
put ot the engine (16) to a new varied target generated 
output. A delay time estimating unit (21 ) estimates a de- 
lay time after the opening of the intake air control valve 
(28) has started to vary until the engine (16) eventually 
produces a power output corresponding to the new tar- 
get generated output according to a preset correlation 
based on the present rotational speed (N) ot the engine 
(17). Upon elapse of the estimated delay time after the 
opening of the intake air control valve (28) has started to 
vary, a generator controller (1 9) increases or reduces the 
generated output of the generator (17) into agreement 
with the target generated output. At the time the gener- 
ated output of the generator (17) is controlled, the power 
output of the engine (16) matches the generated output 
of the generator (17). 
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Description 

The present invention relates to an electric genera- 
tion control system for use on a hybrid vehicle having a 
propulsive electric motor energizable by a battery and 
an electric generator actuated by an internal combustion 
engine for energizing the propulsive electric motor. 

Growing concern in recent years over environmental 
protection has led to various efforts to develop for prac- 
tical applicatbns electric vehicles which have a propul- 
sive electric motor energizable by a battery to transmit 
drive forces to drive wheels for propelling the electric ve- 
hicle. One of the important requirements for such electric 
vehicles to satisfy is that the range which they can travel 
without recharging the battery be maximized and the dis- 
charging of the battery be minimized for increased bat- 
tery service life. 

One solution disclosed in Japanese laid-open patent 
publication No. 3-169203 is a hybrid vehicle carrying an 
electric energy generating apparatus having an electric 
generator and an internal combustbn engine for actuat- 
ing the electric generator. Electric energy generated by 
the electric generator is supplied to charge a battery or 
to energize a propulsive electric motor. 

While the disclosed hybrid vehicle is running, the 
battery energizes the electric generator to operate as an 
electric motor in a motor mode to start the engine. After 
the engine has been started, the electric generator is 
switched from the motor mode to a generator mode in 
which it is actuated by the engine to generate electric 
energy, and then the engine is warmed up. Thereafter, 
the electric generator is operated to generate an appro- 
priate amount of electric energy depending on an oper- 
ating condition of the hybrid vehicle, such as the vehicle 
speed of the hybrid vehicle, and the generated electric 
energy is supplied to the battery or the propulsive electric 
motor 

The electric generator is operated to generate the 
electric energy as follows: Depending on an operating 
condition of the hybrid vehicle, such as the vehicle speed 
of the hybrid vehicle, a target generated output for the 
electric generator is obtained from a predetermined data 
table or the like. Then, the engine is controlled to produce 
a power output (drive forces to actuate the electric gen- 
erator) which corresponds to the target generated out- 
put. The engine is controlled by regulating, with an actu- 
ator or the like, the opening of a throttle valve (intake air 
control valve) of the engine into a throttle valve opening 
corresponding to the target generated output. The gen- 
erated output of the electric generator is also increased 
or reduced into agreement with the target generated out- 
put by controlling an output current from the electric gen- 
erator with an inverter circuit or the like. The above gen- 
erator control process is carried out from time to time to 
cause the electric generator to generate an amount of 
electric energy depending on the operating condition of 
the hybrid vehicle 

In the above generator control process, once the tar- 



get generated output is determined, the electric energy 
generated by the electric generator can be controlled 
substantially on a real-time basis according to the target 
generated output. Therefore, the electric energy gener- 

5 ated by the electric generator can be controlled to catch 
up with the target generated output even when the target 
generated output varies from time to time. However, after 
the target generated output has been determined, the 
power output control of the engine tends to suffer a delay, 

10 from the electric energy control of the electric generator, 
until the engine produces a power output corresponding 
to the target generated output. Specifically, the power 
output control of the engine is carried out by mechani- 
cally moving the throttle valve with the actuator to control 

^5 the opening of the throttle valve. When the target gener- 
ated output vanes, the actuator starts actuating the throt- 
tle valve to control its opening to cause the engine to pro- 
duce a mechanical power output corresponding to the 
target generated output which has varied, but a certain 

20 lime is required before the opening of the throttle valve 
eventually reaches an opening corresponding to the tar- 
get generated output. Even after the opening of the throt- 
tle valve has eventually reached an opening correspond- 
ing to the target gene rated output, a certain time is further 

25 required until the amount of intake air introduced into the 
engine reaches an amount corresponding to the target 
generated output. Consequently, when the target gener- 
ated output varies, if the electric energy control of the 
electric generator and the power output control of the en- 

30 gine start to be effected simultaneously according to the 
target generated output which has varied, then the elec- 
tric energy generated by the electric generator is imme- 
diately controlled, but there is a delay time until the actual 
power output of the engine reaches a power output cor- 

35 responding to the target generated output which has var- 
ied. With such a delay time, the electric energy generat- 
ed by the electric generator is inappropriate with respect 
to the actual power output of the engine after the power 
output control of the engine is effected until the actual 

40 power output of the engine reaches a power output cor- 
responding to the target generated output which has var- 
ied. As a result, the engine suffers an unwanted load var- 
iation, and tends to operate unstably. For example, when 
the target generated output is increased, the electric 

45 generator is immediately electrically controlled to In- 
crease its generated output, but the engine requires a 
certain period of time until its power output reaches a 
power output commensurate with the generated output 
of the electrc generator. During such a certain period of 

50 time, the electric generator generates an electric energy 
output higher than the electric energy output that match- 
es the actual power output of the engine. Therefore, the 
engine suffers an excessive load, and operates unstably. 
If the operation of the engine becomes unstable, 

55 then the engine is caused to emit unwanted harmful ex- 
haust gases or vibrate undesirably. 

The delay time of the engine control at the time the 
target generated output varies differs with the rotational 
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speed of the engine and also differs depending on a 
change in the rotational speed of the engine which is 
caused by the variation in the target generated output 
and whether the rotational speed of the engine increases 
or decreases due to the variation in the target generated 
output. 

It is therefore an object of the present invention to 
provide an electric generation control system for use on 
a hybrid vehicle which is capable of controlling the power 
output of an engine which actuates an electric generator 
of electric energy generating apparatus on the hybrid ve- 
hicle and the generated electric energy output of the 
electric generator with accurate tinning for thereby reduc- 
ing unwanted variations in the load on the engine and 
preventing the engine from emitting undesirable exhaust 
gases and unduly vibrating. 

To accomplish the above object, there is provided in 
accordance with the present invention an electric gener- 
ation control system for use on a hybrid vehicle having 
a vehicle propelling apparatus including a battery and a 
propulsive electric motor energizable by the battery, and 
an electric energy generating apparatus including an en- 
gine and a generator actuatable by the engine, the gen- 
erator being operable in a generator mode in which the 
generator is actuated by the engine to generate electric 
energy to be supplied to the battery and/or the propulsive 
electric motor while the vehicle propelling apparatus is 
in operation, the electric generation control system com- 
prising target generated output setting means for estab- 
lishing a target generated output for the generator de- 
pending on an operating condition of the hybrid vehicle, 
intake air control valve control means for controlling the 
opening of an intake air control valve of the engine to 
enable the engine to produce a power output corre- 
sponding to the target generated output, generator con- 
trol means for varying the electric energy generated by 
the generator to equalize the generated electric energy 
to the target generated output, and delay time estimating 
means for estimating a delay time until the engine pro- 
duces the power output corresponding to the target gen- 
erated output after the opening of the intake air control 
valve starts being varied by the intake air control vatve 
control means depending on a change in the target gen- 
erated output, according to a preset correlation between 
delay times and rotational speeds of the engine based 
on a present rotational speed of the engine, the genera- 
tor control means comprising means for controlling the 
electric energy generated by the generator based on the 
target generated output upon elapse of the delay time 
after the opening of the intake air control valve starts be- 
ing varied by the intake air control valve control means. 

When the target generated output established by the 
target generated output setting means depending on the 
operating condition of the hybrid vehicle varies, the in- 
take air control valve control means starts varying the 
opening of the intake air control valve in order to equalize 
the power output of the engine to a new varied target 
generated output. The delay time estimating means es- 
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timates a delay time after the opening of the intake air 
control valve has started to vary until the engine eventu- 
ally produces the power output corresponding to the new 
target generated output according to the preset correla- 

5 tion based on the present rotational speed of the engine. 
Upon elapse of the estimated delay time after the open- 
ing of the intake air control valve has started to vary, the 
generator control means increases or reduces the gen- 
erated output of the generator into agreement with the 

10 target generated output. At the time the generated output 
of the generator is controlled, the power output of the 
engine matches the generated output of the generator. 
Therefore, the engine is subjected to an adequate load, 
and does not suffer undue load variations, so that the 

15 engine does not discharge unwanted exhaust emissions 
or does no unduly vibrate. 

Consequently, the generator generates electric en- 
ergy while the power output of the engine and the gen- 
erated output of the generator actuated by the engine 

20 are being synchronized with each other at accurate tim- 
ing, thereby allowing the engine to operate stably Since 
the engine operates stably, it is prevented from emitting 
undesirable exhaust gases and unduly vibrating. There- 
fore, the hybrid vehicle has improved emission and vi- 

25 bration perfornnances. 

The target generated output is preferably deter- 
mined depending on the vehicle speed of the hybrid ve- 
hicle. In this manner, the generator is caused to produce 
a generated output commensurate with the amount of 

30 electric energy consumed by the propulsive electric mo- 
tor which corresponds to the vehicle speed of the hybrid 
vehicle, and the generated output is supplied to the bat- 
tery and the propulsive electric motor. The consumption 
by the propulsive electric motor of electric energy sup- 

35 plied from the battery is now suppressed to an appropri- 
ate level. 

Immediately after the engine and the generator have 
been started, the generator preferably generates electric 
energy while the engine is being warmed up in order to 

40 prevent an excessive load from being imposed on the 
engine when the engine is not sufficiently warm. In the 
warm-up of the engine, a target generated output for the 
generator is preferably determined depending on the 
temperature of the engine. This permits the generator to 

45 generate electric energy while the engine is being 
warmed up with the load on the engine being optimized 
for the warming-up operation ot the engine. After the en- 
gine has been warmed up, a target generated output is 
determined depending on the vehicle speed of the hybrid 

50 vehicle. Therefore, the generator is caused to produce 
a generated output commensurate with the amount of 
electric energy that is consumed by the propulsive elec- 
tric motor. 

Preferably, when the intake air control valve is con- 
55 trolled by the intake air control valve control means, a 
target rotational speed for the engine to produce a power 
output from the engine corresponding to the target gen- 
erated output is determined, and the opening ot the in- 
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take air control valve is controlled to equalize the rota- 
tional speed of the engine to the target rotational speed. 
The engine is now controlled to produce a power output 
corresponding to the target generated output for the gen- 
erator. 

The electric generation control system preferably 
further comprises rotational speed change calculating 
means for determining a change In the rotational speed 
of the engine depending on a change In the target gen- 
erated output, and the delay time estimating means com- 
prises means for estimating the delay time according to 
a preset correlation between delay times, rotational 
speeds of the engine, and changes in the rotational 
speed based on the present rotational speed of the en- 
gine and the determined change in the rotational speed. 
The delay time estimating means estimates a delay time 
according to the preset correlation based on the present 
rotational speed of the engine and the change In the ro- 
tational speed thereof depending on the change in the 
target generated output. The correlation Is preferably ar- 
ranged such that the delay time is shorter as the rota- 
tional speed of the engine is higher and longer as the 
change in the rotational speed of the engine Is larger. 

The electric generation control system preferably 
further comprises rotational speed Increase/decrease 
determining means for determining whether the rotation- 
al speed of the engine increases or decreases depend- 
ing on the change In the target rotational speed, the cor- 
relation being available separately when the rotational 
speed of the engine Increases and when the rotational 
speed of the engine decreases. The correlation Is ar- 
ranged such that the delay time Is shorter when the ro- 
tational speed of the engine Increases than when the ro- 
tational speed of the engine decreases. 

As described above, the correlation tor estimating a 
delay time may be established depending on rotational 
speeds of the engine, and changes in the rotational 
speed thereof due to changes in the target generated 
output, and the correlation Is available separately when 
the rotational speed of the engine increases and when 
the rotational speed of the engine decreases. With this 
arrangement, a delay time can accurately be estimated 
from the correlation. Inasmuch as a delay time can ac- 
curately be estimated, the control process of synchroniz- 
ing the power output of the engine and the generated 
output of the generator in timed relationship can be per- 
formed reliably and accurately. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent from 
the following description when taken in conjunction with 
the accompanying drawings which Illustrate a preferred 
embodiment of the present invention by way of example 
only. 

FIG. 1 is a block diagram of a system arrangement 
of a hybrid vehicle to which an embodiment of the 
present invention Is applied; 



FIG. 2 is a block diagram of a portion of an electric 
energy generating apparatus of the hybrid vehicle 
shown in FIG. 1; 

5 FIG. 3 Is a block diagram of a portion of the electric 
energy generating apparatus of the hybrid vehicle 
shown In FIG. 1; 

FIG. 4 is a diagram showing the manner in which the 
10 electric energy generating apparatus of the hybrid 
vehicle shown In FIG. 1 operates; 

FIGS. 5 and 6 are flowcharts of an operation 
sequence of the electric energy generating appara- 
15 tus of the hybrid vehicle shown in FIG. 1 ; 

FIG. 7 Is a diagram showing the manner in which the 
electric energy generating apparatus of the hybrid 
vehicle shown in FIG. 1 operates; 

20 

FIG. 8 Is a flowchart of a cranking control mode of 
operation of the electric energy generating appara- 
tus of the hybrid vehicle shown In FIG. 1 ; 

2S FIG. 9 Is a diagram showing the manner In which the 
electric energy generating apparatus of the hybrid 
vehicle shown in FIG. 1 operates in the cranking 
control mode; 

30 FIG. 10 Is a diagram showing the manner In which 
the electric energy generating apparatus of the 
hybrid vehicle shown In FIG. 1 operates In the crank- 
ing control mode; 

35 FIG. 11 Is a flowchart of a full-combustion decision 
nrKxie of operation of the electric energy generating 
apparatus of the hybrid vehicle shown In FIG. 1; 

FIG. 12 Is a diagram showing the manner In which 
40 the electric energy generating apparatus of the 
hybrid vehicle shown In FIG. 1 operates In the 
full-combustion decision mode; 

FIG. 1 3 is a flowchart of a generator switching con- 
45 trol mode ot operation of the electric energy gener- 
ating apparatus of the hybrid vehicle shown in FIG. 

1; 

FIGS. 14(a) and 14(b) are diagrams showing the 
so nnanner in which the electric energy generating 
apparatus of the hybrid vehicle shown in FIG. 1 oper- 
ates in the generator switching control mode; 

FIG. 1 5 is a flowchart of a warm-up control mode of 
55 operation of the electric energy generating appara- 
tus of the hybrid vehicle shown in FIG. 1; 

FIG. 16 is a diagram showing the manner in which 
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the electric energy generating apparatus of the 
hybrid vehicle shown in FIG. 1 operates in the 
warnn-up control mode; 

FIG. 17 is a diagram showing the manner in which 
the electric energy generating apparatus of the 
hybrid vehicle shown in FIG. 1 operates in the 
warm-up control mode; 

FIG. 18 is a flowchart of an electric generation con- 
trol mode of operation of the electric energy gener- 
ating apparatus of the hybrid vehicle shown in FIG. 
1; 

FIG. 19 is a diagram showing the manner in which 
the electric energy generating apparatus of the 
hybrid vehicle shown In FIG. 1 operates in the elec- 
tric generatbn control nrKXle; 

FIG. 20 is a diagram showing the manner in which 
the electric energy generating apparatus of the 
hybrid vehicle shown in FIG. 1 operates in the elec- 
tric generation control mode', 

FIG. 21 is a flowchart of a regeneration control mode 
of operation of the electric energy generating appa- 
ratus of the hybrid vehicle shown in FIG. 1; 

FIG. 22 is a diagram showing the manner in which 
the electric energy generating apparatus of the 
hybrid vehicle shown In FIG. 1 operates in the regen- 
eration control mode; and 

FIG. 23 is a flowchart of an operation sequence of 
the electric energy generating apparatus of the 
hybrid vehicle shown in FIG. 1. 

As shown in FIG. 1 , the system arrangement of a 
hybrid vehicle to which an embodiment of the present 
invention is applied generally includes a vehicle propel- 
ling apparatus 1 and an electric energy generating ap- 
paratus 2. 

The vehicle propelling apparatus 1 comprises a bat- 
tery 3, a propulsive electric motor 4 energizable by the 
battery 3, a motor energy supply controller 5 including 
an inverter circuit, etc., (not shown) for controlling the 
supply of electric energy between the battery 3 and the 
propulsive electric motor 4, a vehicle propulsion man- 
agement device 6 for controlling the propulsive electric 
motor 4 through the motor energy supply controller 5 and 
recognizing the remaining capacity of the battery 3, an 
accelerator operation sensor 7 for detecting an acceler- 
ator operation A carried out by the driver of the hybrid 
vehicle, a brake switch 8 for detecting whether the driver 
has applied a braking action or not, a vehicle speed sen- 
sor 9 for detecting a vehicle speed ^caR' ^ current sen- 
sor 1 0a for detecting a discharged current and a charged 
current (hereinafter referred to as a "battery current 1^") 



of the battery 3, a current sensor 1 0b for detecting a cur- 
rent (hereinafter referred to as a "motor current 1^") of 
the propulsive electric motor 4, and a voltage sensor 11 
for detecting a voltage (hereinafter referred to as a "bat- 

s tery voltage Vg") across the battery 3. 

The vehicle propulsion management device 6 com- 
prises a microcomputer or the like, and is programmed 
to perform various functions which include, as shown in 
FIG. 2, a motor control unit 1 2 for controlling the propul- 

10 sive electric motor 4 through the motor energy supply 
controller 5 based on detected signals from the acceler- 
ator operation sensor 7, the brake switch 8, and the ve- 
hicle speed sensor 9, a remaining capacity recognizing 
unit 1 3 for recognizing the remaining capacity of the bat- 

15 tery 3 based on detected signals from the current sensor 
1 0a and the voltage sensor 1 1 , a current/voltage char- 
acteristics detecting unit 14 tor detecting present cur- 
rent/voltage characteristics of the battery 3 based on de- 
tected signals from the current sensor 10a and the volt- 

20 age sensor 1 1 , and an effective maximum output calcu- 
lating unit 15 for determining an effective maximum out- 
put that can be produced by the battery 3 at a predeter- 
mined minimum drive voltage from the present cur- 
rent/voltage characteristics of the battery 3 which are de- 

25 tected by the current/voltage characteristics detecting 
unit 14. 

Basically, the motor control unit 1 2 determines a tar- 
get torque for the propulsive electric motor 4 according 
to a preset map or the like based on the accelerator op- 

30 eration A and the veh icie speed V^ar which are detected 
by the accelerator operation sensor 7 and the vehicle 
speed sensor 9, and imparts the determined target 
torque to the motor energy supply controller 5. The motor 
energy supply controller 5 controls the supply of electric 

35 energy from the battery 3 to the propulsive electric motor 
4 with switching pulses in order to enable the propulsive 
electric motor 4 to produced the given target torque. 

When the accelerator operatton A detected by the 
accelerator operation sensor 7 is reduced or an ON sig- 

40 nal (hereinafter referred to as a "braking signal BR") in- 
dicative of a braking action is supplied from the brake 
switch 8 while the hybrid vehicle is running, the motor 
control unit 1 2 instructs the motor energy supply control- 
ler 5 to effect regenerative braking on the propulsive 

45 electric motor 4. At this time, the motor energy supply 
controller 5 supplies a regenerated current from the pro- 
pulsive electric motor 4 to the battery 3, thereby charging 
the battery 3. The regenerated current from the propul- 
sive electric motor 4 is detected by the current sensor 

50 1 0b as a motor current that flows from the motor en- 
ergy supply controller 5 to the battery 3. 

Basically, the remaining capacity recognizing unit 1 3 
integrates the product of the battery current Ig and the 
battery voltages Vg, i.e. the electric energy, which are 

55 detected respectively by the current sensor 10 and the 
voltage sensor 1 1 at each sampling time for thereby de- 
termining discharged and charged amounts of electric 
energy of the battery 3, and subtracts the discharged 
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amount ot electric energy from and adds the charged 
amount of electric energy to the initial capacity of the bat- 
tery 3 for thereby recognizing the remaining capacity C 
of the battery 3 from time to time. 

The current/voltage characteristics detecting unit 1 4 
stores a plurality of sets of the battery current Ig and the 
battery voltages Vg detected at respective sampling 
times in a memory (not shown) within a predetermined 
period of time that is longer than the sampling times. 
Then, as shown in FIG. 4, the current/voltage character- 
istics detecting unit 1 4 determines a linear characteristic 
curve "a" representing the present current/voltage char- 
acteristics of the battery 3 from the stored sets of the bat- 
tery current ig and the battery voltages according to 
the method of least squares or the like. 

The effective maximum output calculating unit 15 
determines, from the linear characteristic curve "a", a 
current 1^ at a minimum drive vottage (see FIG. 4) 
required to drive the propulsive electric motor 4, i.e. a 
current 1^ that is discharged by the battery 3 when the 
voltage across the battery 3 is the minimum drive voltage 
V^. Then, the effective maximum output calculating unit 
15 determines the product V of the current 1^ and the 
minimum drive voltage as an effective maximum out- 
put Pmax which is indicated as a hatched area in FIG. 4. 
When the remaining capacity C of the battery 3 is re- 
duced, the linear characteristic curve "a" moves down- 
wardly as indicated by a hypothetical curve "a"* in FIG. 
4. Therefore, the effective maximum output P^ax 
duced as the remaining capacity C of the battery 3 is low- 
ered 

The remaining capacity C of the battery 3, the effec- 
tive maximum output Pmax- vehicle speed Vcar de- 
tected by the vehicle speed sensor 9, the accelerator op- 
eration A detected by the accelerator operation sensor 
7, the braking signal BR from the brake switch 8, and the 
motor current detected by the current sensor 10b are 
supplied to an electric generation management device 
(described below) of the electric energy generating ap- 
paratus 2. 

Drive forces generated by the propulsive electric 
motor 4 are transmitted through a power transmitting 
system (not shown) to drive wheels of the hybrid vehicle, 
thereby propelling the hybrid device. 

In FIG. 1, the electric energy generating apparatus 
2 comprises an internal combustion engine 16, an elec- 
tric generator 17 which can be actuated by the engine 
16, an engine controller 18 for controlling the engine 16 
and auxiliary components (described later) combined 
therewith, a generator energy supply controller 19 in- 
cludingan inverter circuit (not shown), etc., for controlling 
the supply of electric energy between the battery 3 and 
the propulsive electric motor 4 or the generator 1 7, a gen- 
erator controller 20 for controlling the generator 17 
through the generator energy supply controller 19, an 
electric generation management device 21 for managing 
and controlling the electric energy generating apparatus 
2 through the engine controller 1 S and the generator con- 



troller 20, and an atmospheric pressure sensor 22 for de- 
tecting an atmospheric pressure ATp. 

The generator 17 has a rotor (not shown) coupled 
to the crankshaft (not shown) of the engine 16 so that 
5 the rotor will rotate at the same speed as the crankshaft. 
The engine 16 is combined with auxiliary compo- 
nents which include an exhaust gas sensor 23, an ex- 
haust gas purifying catalyst 24, a temperature sensor 25 
fcr detecting a temperature Ty^ of the engine 16= i.e. a 
10 coolant temperature, a load detector 26 for detecting a 
load L on the engine 16, i.e. a toad torque on the crank- 
shaft of the engine 16, an engine speed sensor 27 for 
detecting a rotational speed of the engine 1 6, i.e. a rota- 
tional speed of the generator 17. a throttle actuator 28 
^5 for actuating a throttle valve (not shown) of the engine 
16, a fuel supply devk;e 29 for supplying fuel to the en- 
gine 16, and a canister purging system 30 for purging a 
canister (not shown) associated with the fuel supply de- 
vice 29. The exhaust gas purifying catalyst 24 comprises 
20 a catalyst which can be activated when it is heated by 
an electric current supplied thereto. When the canister 
needs to be purged, the canister purging system 30 ap- 
plies a canister purge request signal to the engine con- 
troller 18, through which the purge request signal is sup- 
25 plied to the electric generation management device 21 . 
The canister is purged to lower the vapor pressure of a 
fuel gas that is stored in the canister for thereby improv- 
ing the exhaust gas emission performance of the engine 
16. The canister is purged when the engine 16 is tempo- 
30 rarily in operation. 

The electric generation management devrce 21 . the 
engine controller 18, and the generator controller 20 
comprise a microcomputer or the like, and are pro- 
grammed to perform various f urKstions described below. 
35 As shown in FIG. 3, the electric generation manage- 
ment device 21 comprises a start commanding unit 31 
for issuing a start signal to the engine controller 18 and 
the generator controller 20 to activate the electric energy 
generating apparatus 2, a cranking commanding unit 32 
40 for cranking the engine 16 to start through the engine 
controller 18 and the generator controller 20, an ignition 
commanding unit 33 for igniting fuel in the engine 16 
through the engine controller 18 when the engine 16 is 
cranked, a switching commanding unit 34 for switching 
45 the generator 1 7 from a motor mode in which it operates 
as a starter motor to crank the engine 1 6 to a generator 
mode in which the generator 1 7 operates as a generator, 
through the generator controller 20, an electric genera- 
tion control unit 36 for controlling electric generation by 
50 the engine 1 6 after it has been started and the generator 
17 and warm-up operation of the engine 16 through the 
engine controller 1 8 and the generator controller 20, and 
a regeneration control unit 37 for controlling electric gen- 
eration by the engine 16 and the generator 17 through 
55 the electric generation control unit 36 upon regenerative 
braking on the propulsive electric motor 4. The start com- 
manding unit 31 has a threshold value setting unit 31a 
for establishing a threshold value for the remaining ca- 
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pacity C of the battery 3 which determines the timing to 
start the electric energy generation apparatus 2 The 
cranking commanding unit 32 has a starting rotational 
speed setting unit 32a for establishing a starting rotation- 
al speed for the engine 16, i.e. a starting rotational speed 
for the generator 1 7, when the engine 1 6 is cranked. The 
electric generation control unit 36 comprises a target 
generated output setting unit 36a (target generated out- 
put setting means) and a target rotational speed setting 
unit 36b for establishing a target generated output and 
a target rotational speed, respectively for the generator 
17 depending on the vehicle speed Vq^^r upon electric 
generation by the generator 17, a rotational speed 
change calculating unit 36c (rotational speed change 
calculating means) for determining a time-dependent 
change in the target rotational speed established by the 
target rotational speed setting unit 36b, a rotational 
speed increase/decrease determining unit 36d (rotation- 
al speed increase/decrease determining means) for de- 
termining whether the rotational speed of the engine 16 
(= the rotational speed of the generator 1 7) increases or 
decreases depending on whether the change in the tar- 
get rotational speed determined by the rotational speed 
change calculating unit 36c is positive or negative, and 
a delay time estimating unit 36e (delay time estimating 
means) for estimating a delay time (described later on) 
depending on the rotational speed N of the engine 16 
detected by the engine speed sensor 27, the time-de- 
pendent change in the target rotational speed, and 
whether the rotational speed of the engine 1 6 increases 
or decreases. 

The electric generation management device 21 is 
supplied with various detected signals, including a de- 
tected signal indicative of the remaining capacity C of the 
battery 3 from the vehicle propulsion management de- 
vice 6, and also a detected signal from the atmospheric 
pressure sensor 22. The electric generation manage- 
ment device 21 is further supplied with detected signals 
from the temperature sensor 25 and the engine speed 
sensor 27. Based on the supplied signals, the electric 
generation management device 21 manages and con- 
trols the electric energy generation apparatus 2 as de- 
scribed in detail later on. 

The engine controller 18 comprises a sensor/cata- 
lyst energizing unit 38 for energizing and activating the 
exhaust gas sensor 23 and the exhaust gas purifying cat- 
alyst 24 based on a start signal issued from the start com- 
manding unit 31 , an activation determining unit 39 for de- 
termining whether the exhaust gas sensor 23 and the 
exhaust gas purifying catalyst 24 have been activated or 
not and imparting a determined signal to the electric gen- 
eration management device 21 , a starting ignition control 
unit 40 for controlling the ignition of fuel in the engine 1 6 
upon start of the engine 1 6 through the fuel supply device 
29 and an ignition device (not shown) based on an igni- 
tion command from the ignition commanding unit 33, a 
full-combustion determining unit 41 for determining 
whether the combustbn of fuel in the engine 16 has 



reached a fully combusted state when the engine IS is 
ignited, and imparting a determined signal to the electric 
generation management device 21. a combustion con- 
trol unit 42 for controlling the combustion of fuel in the 
5 engine 1 6 through the fuel supply device 29 based on a 
command signal from the electric generation control unit 
36, and a throttle control unit 43 for controlling the open- 
ing of throttle valve of the engine 16 through the throttle 
actuator 28 based on command signals from the crank- 
to ing commanding unit 32 and the electric generation con- 
trol unit 36, when the engine 16 is cranked, warming up, 
or subsequently operated. 

The engine controller 18 is supplied with command 
signals from the electric generation management device 
15 21 and detected signals from the exhaust gas sensor 23, 
the temperature sensor 25. the load detector 26, and the 
engine speed sensor 27. Based on the supplied signals, 
the engine controller 18 controls the engine 16 as de- 
scribed in detail later on. 
20 The generator controller 20 comprises a motor con- 
trol unit 44 for operating the generator 17 as a starter 
motor for the engine 16 through the generator energy 
supply controller 19 based on a command signal from 
the cranking commanding unit 32, a switching control 
25 unit 45 for switching the generator 17 from the motor 
mode to the generator mode through the generator en- 
ergy supply controller 1 9 based on a command signal 
from the switching commanding unit 34, and a generator 
control unit 46 for controlling electric generation by the 
30 generator 1 7 through the generator energy supply con- 
troller 19 based on a command signal from the electric 
generation control unit 36. 

The generator controller 20 is supplied with a detect- 
ed signal from the engine speed sensor 27 through the 
35 engine controller 18 as well as command signals from 
the electric generation management device 21 . Based 
on the supplied signals, the generator controller 20 con- 
trols the generator 1 7 through the generator energy sup- 
ply controller 1 9 as described in detail later on. 
40 The electric generation control unit 36 of the electric 
generation management device 21 , the throttle control 
unit 43 of the engine controller 18, and the throttle actu- 
ator 28 jointly serve as intake air control valve control 
means 47. The electric generation control unit 36 of the 
45 electric generation management device 21 , the genera- 
tor control unit 46 and the generator energy supply con- 
troller 19 of the generator controller 20 jointly sen/e as 
generator control means 48. 

Operation of the electric energy generating appara- 
50 tus 2 of the hybrid vehicle wilt be described below. 

While the vehicle propelling apparatus 1 is in oper- 
ation, e.g. while the hybrid vehicle is running or tempo- 
rarily stopping, the electric generation management de- 
vice 21 carries out a routine shown in FIGS. 6 and 6 in 
55 every cycle time of 10 milliseconds, for example. 

As shown in FIG. 5, the electric generation manage- 
ment device 21 first starts a 10-ms. timer in a STEP 1, 
and then the threshold value setting unit 31a establishes 
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a threshold value Cl for the remaining capacity C of the 
battery 3 in a STEP 2. The threshold value is used to 
deternnine whether the electric energy generating appa- 
ratus 2 is to be activated or not. Specifically, the threshold 
value setting unit 31 a establishes the threshold value Cl ^ 
according to a predeternnined data table as shown in 
FIG. 7 depending on the present atmospheric pressure 
ATp detected by the atmospheric pressure sensor 22. 
As shown in FIG. 7, the threshold value C|_ is higher as 
the detected atmospheric pressure ATp is lower. Under io 
the atmospheric pressure in a plain geographic region, 
the threshold value Cl is set to 20 % of the full battery 
capacity which is 100 % when the battery 3 is fully 
charged. In a highland where the atmospheric pressure 
is lower than the atmospheric pressure in a plain geo- ^5 
graphic region, the threshold value Ci_ is set to a value 
higher than 20 %, e.g. 40 % of the full battery capacity. 

After having established the threshold value C|_, the 
electric generatbn management device 21 carries out 
decision STEPs 3 10, and activates the engine con- 20 
troller 18 depending on the results of the decision STEPs 
3-- 10. 

Specifically, the electric generation management 
device 21 determines whether an E.M.FIg (Energy Man- 
agement Flag) is "1" or "0" in a STEP 3. The E.M.FIg 2S 
indicates whether a electric energy generation control 
mode (described later on) has been carried out or not. 
The E.M.FIg is "1 " if the electric energy generation con- 
trol mode has been carried out, and "0" if the electric en- 
ergy generation control mode has not been carried out. 30 
If the E. M.FIg is "1 " in the STEP 3 (YES), then the electric 
energy generation control mode is continuously carried 
out. 

If the E.M.FIg is "0" in the STEP 3 (NO), then the 
electric generation management device 21 determines 35 
whether the canister is being purged or not in a STEP 4. 
If the canister is being purged (at this time, the engine 
16 is controlled by the engine controller 18 under the 
command from the canister purging system 30), then 
electric generation management device 21 resets the 40 
E.M.FIg to "0" in a STEP 12, and thereafter suspends or 
inactivates the electric energy generating apparatus 2 in 
a STEP 13. Specifically in the STEP 13, the supply of 
electric energy from the generator 17 to the battery 3 and 
the propulsive electric motor 4 is stopped or suspended, 4S 
but the engine 16 is controlled by the canister purging 
system 30. 

If the canister is not being purged in the STEP 4 
(NO), then the electric generation management device 
21 compares the present remaining capacity C of the 50 
battery 3 which is recognized by the remaining capacity 
recognizing unit 1 3 with the established threshold value 
Cl in a STEP 5. If C ^ Cl, i.e. If the remaining capacity 
C of the battery 3 is not substantially lowered, then the 
electric generation management device 21 compares 55 
the present effective maximum output P^ax of the bat- 
tery 3 which is determined by the effective maximum out- 
put calculating unit 15 with a predetermined required 



maximum output P^oi^^for the propulsive electric motor 
4, i.e. a power output of the propulsive electric motor 4 
which is required when the accelerator operation A is 
maximum, in a STEP 6. 

If C < Cl or P^^^x ^ Pmotor remaining capacity 
C of the battery 3 is substantially lowered or the battery 
3 is incapable of producing an energy output necessary 
to propel the hybrid vehicle, then the start commanding 
unit 31 of the electric generation nnanagement device 21 
applies start signals successively to the engine controller 
18 and the generator controller 20 to activate them In 
STEPs 8, 8a, 9, 9a. When the engine controller 18 is ac- 
tivated, the sensor/catalyst energizing unit 38 starts en- 
ergizing and activating the exhaust gas sensor 23 and 
the exhaust gas purifying catalyst 24, and simultaneous- 
ly the activation determining unit 39 starts determining 
whether the exhaust gas sensor 23 and the exhaust gas 
purifying catalyst 24 have been activated or not. Specif- 
ically, the activation determining unit 39 determines 
whether the exhaust gas sensor 23 and the exhaust gas 
purifying catalyst 24 have been energized by the sen- 
sor/catalyst energizing unit 38 for respective periods of 
time in excess of preset periods of time, or the temper- 
atures of the exhaust gas sensor 23 and the exhaust gas 
purifying catalyst 24 have exceeded respective preset 
temperatures. When the exhaust gas sensor 23 and the 
exhaust gas purifying catalyst 24 have been energized 
for respective periods of time In excess of preset periods 
of time, or the temperatures of the exhaust gas sensor 
23 and the exhaust gas purifying catalyst 24 have ex- 
ceeded respective preset temperatures, the activation 
determining unit 39 determines that both the exhaust gas 
sensor 23 and the exhaust gas purifying catalyst 24 have 
been activated, and outputs a signal Indicative of their 
activation to the electric generation management device 
21. 

After having activated the engine controller 18 and 
the generator controller 20, the electric generation man- 
agement device 21 Instructs the engine controller 18 to 
effect an initial control process for operating the engine 
1 6 in STEPs 1 0, 1 0a. After the Initial control process, the 
electric generation management device 21 determines 
whether the exhaust gas sensor 23 and the exhaust gas 
purifying catalyst 24 have been activated or not based 
on a signal from activation determining unit 39 in a STEP 
11. 

If C ^ Cl and P^^x > Pmotor STEPs 5, 6, i.e. 
if the battery 3 has a sufficient remaining capacity then 
the electric generation management device 21 deter- 
mines whether there is a canister purge request signal 
from the canister purging system 30 or not in a STEP 7. 
If there Is no canister purge request signal, then the elec- 
tric energy generating apparatus 2 Is suspended or in- 
activated in the STEPs 12,13. If there is a canister purge 
request signal from the canister purging system 30 in the 
STEP 7 (YES), then the electric generation management 
device 21 activates the engine controller 18 for enabling 
the canister purging system 30 to purge the canister. 
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As described above, if the remaining capacity C of 
the battery 3 is substantially lowered (C < Cl) or the bat- 
tery 3 is incapable of producing an energy output neces- 
sary to propel the hybrid vehicle (Pmax = Pmotor) while 
the vehicle propelling apparatus 1 is in operation, then 
except when the canister is being purged, the engine 
controller 1 8 and the generator controller 20 are activat- 
ed by the start connmanding unit 31 of tha electric gen- 
eration management device 21 , and the exhaust gas 
sensor 23 and the exhaust gas purifying catalyst 24 are 
energized and activated by the sensor/catalyst energiz- 
ing unit 38. 

Because the threshold value for remaining ca- 
pacity C of the battery 3 is greater as the ambient atmos- 
pheric pressure ATp is lower, the engine controller 18 is 
activated earlier in a highland where the atmospheric 
pressure ATp is relatively low than in a plain geographi- 
cal region. 

If the exhaust gas sensor 23 and the exhaust gas 
purifying catalyst 24 have been activated as confirmed 
by a signal from activation determining unit 39 in the 
STEP 1 1 (YES), the electric generation management de- 
vice 21 determines whether the difference IN^r - Nl be- 
tween a starting rotational speed Nqr (cranking rotation- 
al speed Ncr) established by the starting rotational 
speed setting unit 32a for the engine 16 and a present 
rotational speed N (= a rotational speed of the generator 
17) of the engine 16 detected by the engine speed sen- 
sor 27 is smaller than a predetermined value AN or not, 
i.e. if the present rotational speed N of the engine 1 6 sub- 
stantially agrees with the starting rotational speed Ncr 
or not. in a STEP 14 (see FIG. 6). If INcr - Nl ^ AN, i.e. 
if the engine 1 6 and the generator 1 7 are inactivated or 
the engine 16 has just begun to be cranked, then the 
cranking commanding unit 32 issues a cranking com- 
mand to the generator controller 20 to crank the engine 
1 6 in a STEP 1 5, and carries out a cranking control mode 
in which the engine 1 6 is cranked by the generator 1 7 as 
a starter motor in a STEP 16. 

The cranking control mode in the STEP 16 is effect- 
ed by the cranking commanding unit 32 as shown in FIG. 
8. 

In the cranking control mode shown in FIG. 8, the 
starting rotatkjnal speed setting unit 32a of the cranking 
commanding unit 32 determines a target starting rota- 
tional speed Ncr from a data table shown in FIG. 9 based 
on a present engine temperature T^y of the engine 16 
which is detected by the temperature sensor 25. and de- 
termines a target throttle opening THqr for the engine 
16 from a data table shown in FIG. 10 in a STEP 1 . The 
data tables shown in FIGS. 9 and 10 contain predeter- 
mined different target starting rotational speeds N^r and 
predetermined different target throttle openings TH^r, 
respectively, corresponding to various engine tempera- 
tures Tyy of the engine 1 6 for better exhaust gas charac- 
teristics of the engine 1 6. 

The cranking commanding unit 32 outputs the de- 
termined target starting rotational speed N^r and the de- 



termined target throttle opening TH^r respectively to the 
generator controller 20 and the engine controller 18 in 
respective STEPs 2, 3. 

At this time, the motor control unit 44 of the generator 

5 controller 20 determines, according to a given formula, 
a command value for a motor current necessary to bring 
the present rotational speed N of the generator 17 (=: the 
rotational speed of the engine 16) into agreement with 
the target starting rotational speed N^r when the gener- 

10 ator 1 7 operates as an electric motor, and gives the de- 
termined command value to the generator energy supply 
controller 19. Based on the given command value, the 
generator energy supply controller 19 adjusts the duty 
cycle of switching pulses for controlling the electric en- 

15 ergy supplied from the battery 3 to the generator 17. In 
this manner, the electric energy supplied from the battery 
3 to the generator 1 7 which operates as an electric motor 
is controlled by a feedback loop until the rotational speed 
N of the generator 17 agrees with the target starting ro- 

20 tational speed N^r. 

The throttle control unit 43 of the engine controller 
18 controls the throttle opening of the engine 1 6 through 
the throttle actuator 28 until the throttle opening of the 
engine 16 agrees with the target throttle opening THcr. 

25 If iNcR - Nl < AN in the STEP 14 (YES) as a result 
of the cranking control mode shown in FIG. 8, i.e. if the 
rotational speed N of the generator 17 substantially 
agrees with the target starting rotational speed N^r. then 
the electric generation management device 21 deter- 

30 mines whether the combustion of fuel in the engine 16 
has reached a fully combusted state or not based on a 
signal issued from the full-combustion determining unit 
41 in a STEP 17. If not, the electric generation manage- 
ment device 21 imparts an ignition command to the en- 

3S gine controller 18 to ignite fuel in the engine 16 in a STEP 
18. 

At this time, the starting ignition control unit 40 con- 
trols the fuel supply unit 29 to start supplying fuel to the 
engine 16, and also controls the non-illustrated ignition 

40 device to ignite fuel in the engine 16, starting to combust 
fuel in the engine 16. The starting ignition control unit 40 
controls the fuel supply unit 29 to supply fuel to the en- 
gine 16 while monitoring exhaust gases from the engine 
1 6 with the exhaust gas sensor 23 so that any undesir- 

45 able exhaust emissions will be minimized. 

When the engine 1 6 is thus ignited and started, since 
the exhaust gas sensor 23 has already been activated, 
the rotational speed N and the throttle opening of the en- 
gine 16 have been controlled for better fuel ignitability, 

50 and the exhaust gas purifying catalyst 24 has already 
been activated, any undesirable exhaust emissions can 
sufficiently be reduced. 

The engine 1 6 is continuously cranked when the en- 
gine 16 is thus ignited and started. 

55 In controlling the engine controller 18 and the gen- 
erator controller 20 after being activated, the electric 
generation management device 21 determines, as de- 
scribed above with respect to the STEP 17, whether the 
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combustion of fuel in the engine 16 has reached a fully 
combusted state or not based on a signal issued from 
the full -combustion determining unit 41. 

Specifically, whether the combustion of fuel in the 
engine 16 has reached a fully combusted state or not is 
determined by the full-combustion determining unit 41 in 
a full -combust ion decision mode shown in FIG. 11. 

As shown in FIG. 11, the full-combustion determin- 
ing unit 41 detects a rotational speed N and an engine 
load L of the engine 16 respectively with the engine 
speed sensor 27 and the load detector 26 in a STEP 1 , 
and then determines an engine load at the detected 
rotational speed N when the engine 16 is cranked and 
an engine load Lp when fuel starts being combusted in 
the engine 16, i.e. when fuel is in an ignited state to start 
the engine 16, from a data table shown in FIG. 12, in a 
STEP 2. The data table shown in FIG. 1 2 contains vari- 
ous different engine loads Lq, Lp experimentally deter- 
mined at various rotational speeds N of the engine 16. 
At any of the rotational speeds N of the engine 16, the 
corresponding engine load Lp when fuel is in the ignited 
state in the engine 16 is larger than the corresponding 
engine load when the engine 16 is cranked. When 
fuel in the engine 16 is in the fully combusted state in 
which the fuel combustion is stable in the engine 16, the 
load on the engine 16 is smaller than the engine load Lp 
and larger than the engine load Lq at any of the rotational 
speeds N. 

After having detected the engine load Lp and the en- 
gine load Lq, the full-combustion determining unit 41 de- 
termines whether the present detected engine load L is 
greater than the engine load Lc upon cranking by a pre- 
determined value AL (see FIG. 12) or not in a STEP 3. 
If L ^ Lc + AL, i.e. if the present engine load L is close 
to the engine load L^ upon cranking, then the full-com- 
bustion determining unit 41 determines that the engine 
16 is being cranked. 

If L > Lc + AL, then full-combustion determining unit 
41 determines whether the engine toad L is smaller than 
the engine load Lp upon start of fuel combustion (upon 
fuel ignition) by the predetemnined value AL or not in a 
STEP 4. If L S Lp - AL, i.e. if the present engine load L 
is close to the engine load Lp upon start of fuel combus- 
tion, then the full-combustion determining unit 41 deter- 
mines that the fuel combustion in the engine 16 is in an 
ignited state in which the fuel combustion is unstable. 

If Lp - AL < L < Lc + AL, then the fuel combustion in 
the engine 1 6 is basically considered to be in a fully com- 
busted state. However, when the fuel combustion in the 
engine 16 is in an ignited state, the engine load L may 
temporarily be in the condition: L < Lp - AL because the 
fuel combustion is unstable. Therefore, the full-combus- 
tion determining unit 41 determines vyrfiether the engine 
load condition: Lp - AL < L < Lc + AL has continued for 
a predetermined period of time or not in a STEP 5. If the 
engine load condition: Lp-AL<L<Lc+AL has contin- 
ued for the predetermined period of time, then the 
full-combustion determining unit 41 issues a signal indi- 



cating that the engine load condition: Lp - AL < L < Lc + 
AL has continued for the predetermined period of time 
to the electric generation management device 21 in a 
step 6. If the engine bad condition: Lp - AL < L < Lc + 

5 AL has not continued for the predetermined period of 
time, then the full-combustion determining unit 41 deter- 
mines that the fuel combustion in the engine 16 is still in 
an ignited state. 

The full-combustion decision mode thus carried out 

10 as described above with reference to FIG. 11 allows the 
electric generation management device 21 to determine 
reliably that the fuel combustion in the engine 16 is in a 
fully combusted state. 

When the electric generation management device 

IS 21 has determined that the fuel combustion in the engine 

16 is in a fully combusted state after the start of the fuel 
combustion, the electric generation management device 
21 determines whether the generator 17 is switched from 
the motor nrxxJe to the generator mode based on a re- 

20 sponse signal from the generator controller 20 in a STEP 
19 in FIG. 6. If not, the switching commanding unit 34 
instructs the generator controller 20 to switch the gener- 
ator 1 7 from the motor nrKxIe to the generator mode in a 
STEP 20. 

25 The switching control unit 45 of the generator con- 
troller 20 now switches the generator 17 from the motor 
mode to the generator mode in a generator switching 
control mode shown in FIG. 13. 

Specifically, as shown in FIG. 1 3, the switching con- 

30 trol unit 45 detects a present rotational speed N of the 
generator 1 7 with the engine speed sensor 27 in a STEP 
1 . Then, the switching control unit 45 determines, ac- 
cording to a given formula, a command value IqutM tor 
a motor current necessary to bring the present rotational 

35 speed N of the generator 1 7 into agreement with the tar- 
get starting rotational speed Ncr given from the starting 
rotational speed setting unit 32a when the generator 17 
operates as an electric motor, in a STEP 2. Similarly, the 
switching control unit 45 determines, according to a giv- 

40 en formula, a command value Iout^ ^ generator cur- 
rent necessary to bring the present rotational speed N of 
the generator 17 into agreement with the presently given 
target starting rotational speed Ncr when the generator 

17 operates as a generator, in a STEP 3. 

45 The switching control unit 45 compares the detected 
rotational speed N and the target starting rotational 
speed Ncr in a STEP 4. If N ^ Ncr, i.e. it the rotational 
speed N is slightly higher than the target starting rota- 
tional speed Ncr, then the switching control unit 45 out- 

50 puts the command value Iqut'^ determined in the STEP 
2 to the generator energy supply controller 1 9 in a STEP 
5. The generator energy supply controller 1 9 now adjusts 
the duty cycle of switching pulses according to the com- 
mand value Iqut'^ thereby reducing the rotational 

55 speed of the generator 1 7 so as to be tower than the tar- 
get starting rotational speed Nqr. 

If N < Ncr in the STEP 4 (YES), i.e. if the rotational 
speed N is slightly tower than the target starting rotational 
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speed Nqr, then the switching control unit 45 reduces a 
command value Iqut'^X' which is presently given to the 
generator energy supply controller 1 9 to operate the gen- 
erator 17 as an electric motor, stepwise by a predeter- 
mined value Aly until the command value Iout^x will 
finally becomes "0" (Iqut^x ^ 'outMx - -^'m). and out- 
puts the new command value IqutMx to the generator 
energy supply controller 19 in STEPs 6 8. The gener- 
ator energy supply controller 1 9 gradually reduces the 
amount of electric energy which is being supplied from 
the battery 3 to the generator 1 7 to operate the generator 
1 7 as an electric motor. 

Thereafter, the switching control unit 45 increases a 
command value Iqut^X' which is given to operate the 
generator 17 as a generator, stepwise from an initial val- 
ue IqutGiint a predetermined value A\q until the com- 
mand value Iqut^x will finally reach the command value 
IqutG determined in the STEP 3 (touT^x 'out^x + 
aIq), and outputs the new command value Iqut^x to t^e 
generator energy supply controller 1 9 in STEPs 9 13. 
The generator energy supply controller 19 gradually in- 
creases the amount of electric energy generated by the 
generator 17, which has started to generate electric en- 
ergy. 

In the above generator switching control mode, the 
current command value applied to the generator energy 
supply controller 19 varies as shown in FiG. 14(a). At 
this time, the load imposed on the engine 1 6 by the gen- 
erator 1 7 does not sharply vary, but gradually varies from 
a condition in which the engine 1 6 is actuated by the gen- 
erator 1 7 operating as an electric motor to a condition in 
which the engine 16 actuates the generator 17 to cause 
the generator 1 7 to generate electric energy, as shown 
in FIG. 1 4(b). Therefore, because the load on the engine 
16 is not subject to sharp changes upon switching from 
the former condition to the latter condition, the engine 1 6 
operates stably and does not produce unwanted vibra- 
tions. Since the engine 16 operates stably, the fuel com- 
bustion in the engine 16 is prevented from becoming un- 
stable, and the engine 1 6 is prevented from emitting un- 
desirable toxic exhaust gases. 

After the generator switching control mode, the elec- 
tric generation management device 21 carries out a 
warm-up control mode tor warming up the engine 1 6 and 
generating electric energy with the generator 17 in a 
STEP 21 in FIG. 6. 

In the warm-up control mode, the electric generation 
control unit 36 of the electric generation nnanagement 
device 21 operates in an operation sequence shown in 
FIG. 15. 

As shown in FIG. 15, the target rotational speed set- 
ting unit 36b and the target generated output setting unit 
36a of the electric generation control unit 36 first deter- 
mine, in a STEP 1 , a target warm-up rotational speed 
Nyv for the engine 16 and a target generated output Pyv 
for the generator 17, respectively, from respective data 
tables shown in FIGS. 16 and 17 based on the temper- 
ature Tw of the engine 1 6 which is presently detected by 



the temperature sensor 25. 

The data tables shown in FIGS. 16 and 17 are es- 
tablished in order to suppress unwanted exhaust emis- 
sions from the engine 16 and increase the generation 

5 efficiency of the generator 17 as much as possible. 

Then, the electric generation control unit 36 deter- 
mines, in a STEP 2, a target reference current ly^w *or 
the generator 17 and a target reference throttle opening 
THgASE fo'' the engine 16 from predetermined maps 

10 based on the target warm-up rotational speed and 
the target generated output P^ which have been deter- 
mined in the STEP 1 . The electric generation control unit 
36 determines a command value THqut ^O"" the throttle 
opening of the engine 1 6 from the target reference throt- 

15 tie opening THg^^sE according to a predetermined formu- 
la in a STEP 3. 

The command value THqut the throttle opening 
has been corrected depending on the difference be- 
tween the present rotational speed N of the engine 16 

20 (- the rotational speed of the generator 1 7) and the target 
warm-up rotational speed N^y and the difference be- 
tween the present generated output of the generator 17 
and the target generated output Pyy, and is detemnined 
in order to equalize those differences to "O". 

25 The electric generation control unit 36 outputs the 
detennined throttle opening command value THqut to 
the engine controller 18 in a STEP 4. The engine con- 
troller 1 8 now controls the throttle control unit 43 to con- 
trol the throttle opening of the engine 16 through the 

30 throttle actuator 28 according to the given command val- 
ue THouT- 

The electric generation control unit 36 then outputs 
target warm-up rotational speed Nw, the target generat- 
ed output Pw, and the target reference current lyvw to 

35 the generator controller 20 in a STEP 5. The generator 
control unit 46 of the generator controller 20 corrects the 
target reference current lyvw depending on the differ- 
ence between the present rotational speed N of the gen- 
erator 17 and the target warm-up rotatbnal speed Nw 

40 and the difference between the present generated output 
of the generator 1 7 and the target generated output P^ 
according to a predetermined formula, thereby to deter- 
mine a command value Iqut tor the generator current for 
equalizing the rotational speed of the generator 17 and 

45 the generated electric energy from the generator 17 to 
respective target values, and outputs the command val- 
ue Iqut to the generator energy supply controller 1 9. The 
generator energy supply controller 1 9 adjusts the duty 
cycle of switching pulses according to the given com- 

50 mand value Iquj, thereby controlling the anrwunt of elec- 
tric energy generated by the generator 17. 

In the warm-up control mode, the rotational speed 
N of the engine 16 and the generator 17 is controlled so 
as to be equal to the target wamn-up rotational speed 

55 Nyy, and the generated output of the generator 1 7 is con- 
trolled so as to be equal to the target generated output 
P^. The engine 1 0 is thus warmed up with low unwanted 
exhaust emissions, and the generator 17 is actuated by 
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the engine 16 to generate electric energy. Tlie electric 
energy generated by the generator 17 is supplied to the 
battery 3 to charge the battery 3 and also to the propul- 
sive electric motor 4 to propel the hybrid vehicle. 

tn the warm-up control mode, the combustion con- 
trol unit 42 of the engine controller 1 8 supplies fuel to the 
engine 16 to warm up the engine 16 in a manner to re- 
duce unwanted exhaust emissions while monitoring ex- 
haust gases with the exhaust gas sensor 23. 

When the propulsive electric motor 4 is subjected to 
regenerative braking in the warm-up control mode, the 
regeneration control unit 37 of the electric generation 
management device 21 carries out a regeneration con- 
trol mode which corrects the throttle opening command 
value THqut that is determined from time to time by the 
electric generation control unit 36. in a STEP 25 shown 
in FIG. 6. Such a regeneration control mode will be de- 
scribed later on. 

In the warm-up control mode, the outputting of the 
command value Iqut generator current from the 
generator controller 20 to the generator energy supply 
controller 1 9 is delayed from the outputting of the throttle 
opening command value THqut^^^ electric gener- 
ation management device 21 to the engine controller 18. 
Such output delaying will also be described later on. 

In FIG. 6, if the generator 17 switches its operation 
mode in the STEP 19 and the engine 10 starts being 
warmed up, then the electric generation management 
device 21 determines, from time to time, whether the 
warming-up of the engine 1 6 is finished or not, for exam- 
ple, based on the engine temperature T^ detected by 
the temperature sensor 25. in a STEP 22. 

If the warming-up of the engine 16 is finished, the 
electric generation management device 21 sets the 
E.M.FIg to "1" in a STEP 23, and carries out an electric 
generation control mode in a STEP 24. 

The electric generation control mode is carried out 
by the electric generation control unit 36 of the electric 
generation management device 21 as shown in FIG. 18. 

In FIG. 18, the target rotational speed setting unit 
36b and the target generated output setting unit 36a of 
the electric generation control unit 36 determine a target 
reference rotational speed Nbase engine 16 and 
the generator 1 7 and a target reference generated output 
^BASE^or the generator 17, respectively, from respective 
predetermined data tables shown in FIGS. 19 and 20 
based on the vehicle speed V^ar supplied from the ve- 
hicle speed sensor 9 through the vehicle propulsion 
management device 6, in a STEP 1. The data tables 
shown in FIGS. 19 and 20 are determined such that as 
the vehicle speed Vqar is higher, i.e. as the amount of 
electric energy required by the propulsive electric motor 
4 is greater, the amount of electric energy generated by 
the generator 1 7 is greater The data table of target ref- 
erence rotational speeds N^ase shown in FIG. 19 is de- 
termined as providing a rotational speed of the engine 
1 6 for producing an engine power output required to gen- 
erate a target reference generated output Pbase deter- 



mined depending on the vehicle speed Vqar and reduc- 
ing unwanted exhaust emissions. 

The target rotational speed setting unit 36b and the 
target generated output setting unit 36a then correct the 

5 target reference rotational speed Nbase depending on 
the difference with the present rotational speed N. there- 
by determining a target rotational speed Njr for the en- 
gine 1 6 and the generator 1 7, and also corrects the target 
reference generated output Pbase depending on the dif- 

10 ference with the present generated output, thereby de- 
termining a target generated output Pjr, in a STEP 2. 

The electric generation control unit 36 checks if the 
target rotational speed Njr and the target generated out- 
put Pjr fall respectively in an allowable speed range of 

15 the engine 16 and the generator 17 and an allowable 
generated output range of the generator 17 in a STEP 
3. Thereafter, the electric generation control unit 36 de- 
termines a target reference current luvw genera- 
tor 1 7 and a target reference throttle opening THbase tor 

20 the engine 16 from predetermined maps in the same 
manner as with the warm-up control mode, in a STEP 4. 

Then, as with the warm-up control mode, the electric 
generation control unit 36 corrects the target reference 
throttle opening THbase according to a predetermined 

25 formula depending on the difference between the target 
rotational speed Ntr and the present rotational speed N 
and the difference between the target generated output 
Pjr and the present generated output, thus determining 
a command value THout throttle opening which 

30 will equalize the rotational speed and the generated out- 
put to respective target values, in a STEP 5. The electric 
generation control unit 36 then outputs the command val- 
ue THouT to the engine controller 18 in a STEP 6. The 
engine controller 18 now controls the throttle control unit 

35 43tocontro!thethrottleopeningof the engine 16through 
the throttle actuator 28 according to the given command 

value THqut- 

The electric generation control unit 36 outputs the 
target rotational speed N-pR, the target generated output 

40 pyp, and the target reference current (uwv t° gener- 
ator controller 20 in a STEP 7. The generator control unit 
46 of the generator controller 20 corrects the target ref- 
erence current lywv depending on the difference be- 
tween the target rotational speed Njr and the present 

45 rotational speed N and the difference between the target 
generated output Pjr and the present generated output 
according to a predetermined formula, thereby to deter- 
mine a command value Iqut ^o"" generator current. 
The electric generation control unit 36 controls the gen- 

50 erator energy supply controller 1 9 to control the amount 
of electric energy generated by the generator 17 accord- 
ing to the given command value lour- 
In the electric energy generation mode, the rotation- 
al speed N of the engine 1 6 and the generator 17 is con- 

ss trolled so as to be equal to the target rotational speed 
Njr, and the generated output of the generator 1 7 is con- 
trolled so as to be equal to the target generated output 
Pjr. The generation of electric energy is thus effected 
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adequately by the generator 1 7 depending on conditions 
in which the hybrid vehicle operates. The electric energy 
generated by the generator 1 7 is supplied to the battery 
3 to charge the battery 3 and also to the propulsive elec- 
tric motor 4 to propel the hybrid vehicle. Since the 
amount of electric energy generated by the generator 1 7 
Is greater as the amount of electric energy required by 
the propulsive electric motor 4 is greater, the amount of 
electric energy supplied from the battery 3 to the propul- 
sive electric motor 4 may be smaller when the amount 
of electric energy required by the propulsive electric mo- 
tor 4 is greater, and any reduction in the capacity of the 
battery 3 is minimized. 

In the electric energy generation mode, the combus- 
tion control unit 42 of the engine controller 18 supplies 
fuel to the engine 1 6 to wamn up the engine 1 6 in a man- 
ner to reduce unwanted exhaust emissions while moni- 
toring exhaust gases with the exhaust gas sensor 23. 

When the propulsive electric motor 4 is subjected to, 
or is being subjected to, regenerative braking in the elec- 
tric energy generation mode or the warm-up control 
mode, the regeneration control unit 37 of the electric gen- 
eration management device 21 carries out a regenera- 
tion control mode which corrects the throttle opening 
command value THqut ^^^^ determined by the electric 
generation control unit 36 of the electric generation man- 
agement device 21 . 

The regeneration control mode is carried out as 
shown in FIG. 21 . In FIG. 21 , while electric energy is be- 
ing generated by the generator 1 7, the regeneration con- 
trol unit 37 determines from time to time whether the mo- 
tor current \^ supplied from the current sensor 10b 
through the vehicle propulsion management device 6 is 
a current flowing from the battery 3 to the propulsive elec- 
tric motor 4 or a regenerated cur rent flowing from the pro- 
pulsive electric motor 4 to the battery 3, based on the 
direction of the motor current in a STEP 1 . 

If the motor current 1^ is not a regenerated current, 
i.e. if the propulsive electric motor 4 has not yet been 
subjected to regenerative braking, then the regeneration 
control unit 37 detemriines whether the hybrid vehicle has 
been braked or not based on a braking signal from the 
brake switch 8 in a STEP 2 and also determines whether 
a reduction with time in the accelerator operation A from 
the accelerator operation sensor 7 has exceeded a pre- 
determined value or not in a STEP 3. 

If the hybrid vehicle has been braked or the accel- 
erator operation A has been reduced relatively greatly, 
then since regenerative braking is about to be effected 
on the regenerative electric motor 4, the regeneration 
control unit 37 determines a corrective value ATH for the 
throttle opening command value THqut ^ predeter- 
mined value ATHq in a STEP 4. The regeneration control 
unit 37 then subtracts the determined corrective value 
aTH from the throttle opening command value THqut 
which is determined by the electric generation control 
unit 36 as described above, thereby correcting the throt- 
tle opening command value THq^j in a STEP 5. The 



electric generation control unit 36 outputs the corrected 
command value THqut engine controller 81 

If the motor current 1^ is a regenerated current in the 
STEP 1 (YES), i.e. if the propulsive electric motor 4 has 
s already been subjected to regenerative braking, then the 
regeneration control unit 37 determines an amount of re- 
generated electric energy according to a predetermined 
formula from the regenerated current l^^^i and a voltage 
Vg detected by the voltage sensor 1 1 in a STE P 6. Based 
10 on the magnitude of the determined amount of regener- 
ated electric energy, the regeneration control unit 37 de- 
termines a corrective value ATH for the throttle opening 
command value THqut from a predetermined data table 
shown in FIG. 22 in a STEP 7. Basically, the corrective 
IS value ATH is greater as the amount of regenerated elec- 
tric energy is greater. 

Thereafter, the regeneration control unit 37 sub- 
tracts the determined corrective value ATH from the 
throttle opening command value THquj which is deter- 
20 mined by the electric generation control unit 36 as de- 
scribed above, thereby correcting the throttle opening 
command value THqut in the STEP 5. 

The throttle opening command value THquj is cor- 
rected for the following reasons: When the propulsive 
25 electric motor 4 is operating as an electric motor, the 
electric load on the generator 17 is imposed by both the 
battery 3 and the propulsive electric motor 4. When the 
propulsive electric motor 4 is subjected to regenerative 
braking, no electric energy is supplied to the propulsive 
30 electric motor 4, and the electric toad on the generator 
1 7 is imposed by only the battery 3. and hence is greatly 
reduced. When the electric load on the generator 17 is 
greatly reduced, the load on the engine 16 which actu- 
ates the generator 17 is also greatly reduced. Conse- 
35 quently, the engine 16 tends to race easily. When the 
engine 16 races, the engine 16 discharges undesirable 
exhaust emissions and unduly vibrates. This condition 
can be avoided by correcting the throttle opening in a 
manner to decrease (in a closing direction) when regen- 
40 erative braking is about to be effected or being effected 
on the propulsive electric motor 4. 

In the electric energy generation mode or the 
wami-up control mode, the generator current command 
value Iqut which is determined from time to time by the 
45 generator controller 20 under the command of the elec- 
tric generation control unit 36 is output to the generator 
energy supply controller 19 at a time slightly after the 
time at which the throttle opening command value 
THqut (which may be corrected by the regeneration 
50 control unit 37) detemiined from time to time by the elec- 
tric generation control unit 36 concurrent with the calcu- 
lation of the generator current command value Iqut is 
output to the engine controller 18. 

K/tore specifically, as shown in FIG. 23, in the electric 
55 generation control mode, for example, the electric gen- 
eration control unit 36 and the generator control unit 46 
simultaneously determine a command value THqut ^O"* 
the throttle opening and a command value Iqut^ 
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generator current, respectively, as described above in a 
STEP 1 , and thereafter the rotational speed change cal- 
culating unit 36c determines a difference ANjr between 
the target rotational speed Njr (corresponding to the 
present rotational speed of the engine 16 and the gen- 
erator 17) for the generator 17 which has been given to 
the generator controller 20 in a preceding cycle tinne and 
the target rotational speed Njr for the generator 17 
which has been given to the generator controller 20 in a 
present cycle time in a STEP 2. 

The rotational speed increase/decrease determin- 
ing unit 36d determines whether the rotational speed of 
the engine 16 is increased or reduced depending on 
whether the difference ANjr is positive or negative in a 
STEP 3. If ANjR > 0, then the electric generation man- 
agement device 21 determines a delay time Tqly for the 
time to output the generator current command value 
iQy-jO from a predetermined speed increasing map 
based on the present rotational speed N detected by the 
engine speed sensor 27 and the difference ANjr in a 
STEP 4a. If ANjR < 0, then the electric generatbn man- 
agement device 21 determines a delay time TpLv 
time to output the generator current command value 
iQU-pG from a predetermined speed reducing map based 
on the present rotational speed N and the difference 
ANjR in a STEP 4b. 

The speed increasing nnap and the speed reducing 
map are representative of delay times Tqly experimen- 
tally determined after the throttle opening command val- 
ue THqut ^^^^ outputted to the engine controller 1 8 
until the power output of the engine 16 reaches a power 
output corresponding to the target generated output Pjr 
for the generator 17, respectively when the rotational 
speed N of the engine 16 increases and decreases, with 
the rotational speed N of the engine 1 6 and the difference 
aNjr as parameters, i.e. are representative of the cor- 
relation between the rotational speed N, the difference 
AN-TR, and the delay time Tqly- Basically, the delay time 
Tdi_y decreases as the rotational speed N is higher and 
increases as the difference AN^r is greater. The delay 
time TpLY 's shorter when the rotational speed N of the 
engine 16 increases than when the rotational speed N 
of the engine 16 decreases. The delay time TpLv is de- 
termined by the delay time estimating unit 36e of the 
electric generation control unit 36. 

Then, the electric generation management device 
21 outputs the throttle opening command value THqut 
from the electric generation control unit 36 to the engine 
controller 18, varying the throttle opening of the engine 
16 in a STEP 5. The electric generation nnanagement 
device 21 determines whether the delay time Tqi_y has 
elapsed or not in a STEP 6. If the delay time Tdly has 
elapsed, then the electric generation management de- 
vice 21 controls the generator controller 20 to output the 
generator current command value Iqut^ genera- 
tor energy supply controller 19, varying the duty cycle of 
switching pulses which control the amount of electric en- 
ergy generated by the generator 17 to equalize the gen- 



erated output of the generator 1 7 to the target generated 
output P-TR in a STEP 7. 

The above operation sequence shown in FIG. 23 is 
carried out also in the warm-up control mode. 
s The time to output the generator current command 
value Iqut^ delayed for the reasons described below. 

When the generator current command value loui^ 
is given to the generator energy supply controller 1 9, the 
generated output of the generator 17 is immediately 
10 electrically controlled into agreement with the target gen- 
erated output PxR. However, when the throttle opening 
comnnand value THqut given to the engine controller 
18, the throttle opening is mechanically varied by the 
throttle actuator 28 according to the throttle opening 
15 command value THquT' but the amount of intake air sup- 
plied to the engine 16 is not immediately equalized to an 
amount corresponding to the varied throttle opening. A 
certain time is required after the throttle opening com- 
mand value THqut 's S'ven to the engine controller 18 
20 until the power output of the engine 1 6 reaches a power 
output that corresponds to the target generated output 
PjR for the generator 17. Such a certain time differs de- 
pending on the rotational speed of the engine 16 and a 
change in the rotational speed of the engine 1 6 due to a 
2S change in the throttle opening command value THqut. 
and also differs depending on whether the rotational 
speed of the engine 16 increases or decreases due to a 
change in the throttle opening command value THqut- 
To avoid the above problems, the time to output the 
30 generator current command value Iqut^ 'S delayed for 
the delay time Tqly depending on the target rotational 
speed NxR for the engine 16, the difference ANxr. and 
whether the difference ANtr is positive or negative, i.e. 
whether the rotational speed is increased or reduced. 
35 When the time to output the generator current command 
value IqutG is delayed for the delay time Tqly. the power 
output of the engine 1 6 is caused to match the generated 
output of the generator 1 7 at the time the generated out- 
put of the generator 1 7 is controlled into agreement with 
40 the target generated output P-tr according to the gener- 
ator current command value IqutG. The electric control 
of the generated output of the generator 17 and the me- 
chanical control of the power output of the engine 16 (the 
drive forces for the generator 17) are now synchronized 
45 with each other, and the load on the engine 1 6 matches 
its power output when the generator 17 generates elec- 
tric energy. Therefore, no undue load is imposed on the 
engine 16, and the engine 16 operates stably. As a con- 
sequence, the engine 1 6 is prevented from discharging 
50 undesirable exhaust emissions and unduly vibrating. 

On the hybrid vehicle in the above embodiment, the 
above operation sequence is repeated in each of the cy- 
cle times. Specifically, if the remaining capacity C of the 
battery 3 is reduced (C < CJ or the battery 3 is unable 
55 to output the amount of electric energy required to propel 
the hybrid vehicle (P^ax = Pmotor) while the vehicle pro- 
pelling apparatus 1 is in operation such as when the hy- 
brid vehicle is running, then except when the canister is 
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being purged, the engine 16 is started by the generator 
1 7 acting as a starter motor After the engine 1 6 has been 
warmed up, the generator 17 generates electric energy 
depending on conditions in which the hybrid vehicle runs, 
and the generated electric energy is supplied to the bat- 
tery 3 and the propulsive electric motor 4. 

When the hybrid vehicle is running on a highland, 
for example, since air supplied to the engine 16 for burn- 
ing fuel therein is thinner than in plain geographical re- 
gions, drive forces produced by the engine 16 are small- 
er than in plain geographical regions, and hence the 
amount of electric energy generated by the generator 17 
is reduced, allowing the battery 3 to be discharged quick- 
ly. However, inasmuch as the threshold value Cl for de- 
termining the time to activate the electric energy gener- 
ating apparatus 2 is greater as the atmospheric pressure 
is lower, the battery 3 and the propulsive electric motor 
4 start being supplied with electric energy from the gen- 
erator 1 7 at an early stage where the capacity of the bat- 
tery 3 is relatively large. Therefore, since it takes time 
until the capacity of the battery 3 is lowered to a level 
where the battery 3 needs to be charged, the hybrid ve- 
hicle can travel a sufficiently long range on the highland 
in the same manner as when it runs in plain geographical 
regbns. 

When the battery 3 is unable to output the amount 
of electric energy required to propel the hybrid vehicle 
(Pmax = Pmotor). ^h© olectrtc energy generating appara- 
tus 2 begins to generate electric energy Consequently, 
the running performance of the hybrid vehicle is suffi- 
ciently maintained 

As described above, the electric energy generating 
apparatus 2 is activated at an appropriate time deter- 
mined in view of the condition of the battery 3 and the 
running performance of the hybrid vehicle, tor supplying 
electric energy to the battery 3 and the propulsive electric 
motor 4. When the engine 1 6 is started, it tends to pro- 
duce unwanted exhaust emissions and undue vibra- 
tions. However, because the engine 16 is started under 
adequate conditions as described above, the engine 16 
has exhaust gas properties and vibration characteristics 
optimized for environmental protection. 

While the electric energy generating apparatus 2 is 
activated depending on the remaining capacity C of the 
banery 3 and the effective maximum output P^ax 
above embodiment, the electric energy generating ap- 
paratus 2 may be activated only when the rate of change 
with time of the remaining capacity C sharply decreases 
beyond a given value due to a sharp increase in the ac- 
celerator operation A. Specifically, when the remaining 
capacity C of the battery 3 is of a relatively low level, if 
the accelerator operation A is sharply increased, then the 
renr^ining capacity C of the battery 3 is sharply reduced, 
and no sufficient electric energy is supplied from the bat- 
tery 3 to the propulsive electric motor 4, with the result 
that the hybrid vehicle may not be able to meet certain 
required demands for running performance, e.g., may 
not be able to accelerate quickly In such a case, the elec- 



tric energy generating apparatus 2 may be activated to 

avoid the above shortcoming. 

While the starting rotational speed Ncr of the engine 

16 is established depending on the engine temperature 
5 Tyy in the above embodiment, the starting rotational 

speed Ncr may be established depending on the intake 

temperature of the engine 16. 

Although a certain preferred embodiment of the 

present invention has been shown and described in de- 
10 tail, it should be understood that various changes and 

modifications may be made therein without departing 

from the scope of the appended claims. 



15 Claims 

1. An electric generation control system for use on a 
hybrid vehicle having a vehicle propelling apparatus 
including a battery and a propulsive electric motor 

20 energizable by the battery, and an electric energy 
generating apparatus including an engine and a 
generator actuatable by the engine, the generator 
being operable in a generator mode in which the 
generator is actuated by the engine to generate 

25 electric energy to be supplied to the battery and/or 
the propulsive electric motor while the vehicle pro- 
pelling apparatus is in operation, said electric gen- 
eration control system comprising; 

target generated output setting means for 

30 establishing a target generated output for the gen- 
erator depending on an operating condition of the 
hybrid vehicle; 

intake air control valve control means for con- 
trolling the opening of an intake air control valve of 

35 the engine to enable the engine to produce a power 
output corresponding to said target generated out- 
put; 

generator control means for varying the elec- 
trk; energy generated by the generator to equalize 

40 the generated electric energy to said target gener- 
ated output; and 

delay time estimating means for estimating a 
delay time until the engine produces the power out- 
put corresponding to said target generated output 

45 after the opening of the intake air control valve starts 
being varied by said intake air control valve control 
means depending on a change in said target gener- 
ated output, according to a preset correlation 
between delay times and rotational speeds of the 

50 engine based on a present rotational speed of the 
engine; 

said generator control means comprising 
means for controlling the electric energy generated 
by the generator based on said target generated out- 
S5 put upon elapse of said delay time after the opening 
of the intake air control valve starts being varied by 
said intake air control valve control means. 
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2. An electric generation control system according to 
clainn 1 , wherein said target generated output setting 
means comprises means for establishing the target 
generated output tor the generator depending on at 
least a vehicle speed of the hybrid vehicle. 

3. An electric generation control system according to 
claim 1 or 2, further comprising means for warming 
up the engine while causing said generator to gen- 
erate electric energy depending on a temperature of 
the engine immediately after the engine and the gen- 
erator have been started, said target generated out- 
put setting means comprising means for establish- 
ing the target generated output depending on the 
temperature of the engine when the engine is 
warmed up. 



available separately when the rotational speed of 
the engine increases and when the rotational speed 
of the engine decreases. 

9. An electric generation control system according to 
claim 8, wherein said correlation which is available 
separately when the rotational speed of the engine 
increases and when the rotational speed of the 
engine decreases is arranged such that said delay 
time is shorter when the rotational speed of the 
engine increases than when the rotational speed of 
the engine decreases. 



4. An electric generation control system according to 
claim 3, wherein said target generated output setting 
means comprises means for establishing the target 
generated output for the generator depending on at 
least a vehicle speed of the hybrid vehicle after the 
engine has been warmed up. 



5. An electric generation control system according to 
any preceding claim, wherein said Intake air control 
valve control means includes means for determining 
a target rotational speed for the engine to produce 
a power output from the engine corresponding to 
said target generated output, and for controlling the 30 
opening of the intake air control vatve to equalize the 
rotational speed of the engine to said target rota- 
tional speed. 



6. An electric generation control system according to 3S 
any preceding claim, further comprising rotational 
speed change calculating means for determining a 
change in the rotational speed of the engine depend- 
ing on a change In said target generated output, said 
delay time estimating means comprising means for 40 
estimating the delay time according to a preset cor- 
relation between delay times, rotational speeds of 
the engine, and changes in the rotational speed 
based on the present rotational speed of the engine 
and the determined change in the rotational speed. ^5 

7. An electric generation control system according to 
claim 6, wherein said correlation is arranged such 
that the delay time is shorter as the rotational speed 

of the engine is higher and longer as the change In so 
the rotatbnal speed of the engine is larger. 



8. An electric generation control system according to 
claim 6 or 7, further comprising rotational speed 
increase/decrease detennining means for determin- 55 
ing whether the rotational speed of the engine 
increases or decreases depending on the change in 
the target rotational speed, said correlation being 
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